A336.0 aluminum alloy used to fabricate hybrid composites using rice husk ash (RHA) and MgO particles as reinforcement. The influence of the particles on the wear behavior of A336.0 aluminum alloy as a matrix that reinforced with MgO and RHA was investigated. Firstly, the rice husk burned at 700°C and then heat treated at 1100°C for 2 hrs. The ash characterized by X-ray florescence and X-ray diffraction. Less than 53 and 125 micron are the particle sizes of MgO and RHA respectively. The hybrid composites manufactured using stir casting method in two steps. A336.0 aluminum alloy reinforced with 4:0, 3:1, 2:2, 1:3 and 0:4 of RHA: MgO with 10 wt% total reinforcement phase. Optical microscope and X-ray diffraction were used to characterize the prepared hybrid composites. Dry sliding wear, hardness, apparent density, percentage of porosity and coefficient of friction were examined. Results indicated that porosity, apparent density and hardness enhanced with increasing MgO, while increasing wt% of RHA decreased the apparent density. Results indicated that with inceasing the applied load the wear rate of the composites was enhanced. Coefficient of friction varies inversely with applied load and wt% of RHA. Hardness increased with increasing RHA while the friction coefficient and the wear rate decreased. The minimum wear rates were at 10% RHA and Al-alloy-(RHA-MgO) [3:1] composites, while the minimum friction coefficients were at 10% RHA composites.
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INTRODUCTION
In recent years, different recycled wastes are used to improve a specification of composites. There are various are trying to increase performance of composites to meet the demand that represented by lightweight, corrosion resistance, wear and environmental friendly [3] . The overall properties of conventional aluminum alloy are lower than aluminum matrix composites (AMCs). There are several advantages of aluminum matrix composites compared with unreinforced alloys represented by high strength, high stiffness, reduced density (weight), enhanced high temperature properties such as thermal expansion, enhanced damping capabilities and increased abrasion and wear resistance [4] . Isotropic properties and relatively minimum cost of aluminum matrix composites that used particulate as a reinforcement materials are attractive for researching [5] . Hybrid composites are relatively new materials that manufactured using more than two different types of reinforcements. The composites that include only a single reinforcement phase possess lower properties compared with the hybrid types [6] . Proportions of the reinforcement and the matrix in addition to properties of them are the main factors which control isotropy of the system, microstructure, homogeneity and volume fraction that determine the properties of composites. Stir casting process possess many advantages that represented by flexibility, applicability to large quantity production and simplicity. This process is suitable as economic method to manufacture metal matrix composites [7] . Up to 30% volume fractions of reinforcements, stir casting process is suitable to manufacture composites [8] . Prasad et al. [9] used SiC and RHA in various fractions to fabricate aluminum composites using double stir casting process. It was observed that with increasing reinforcement percentage, the density decreases, while the porosity and hardness of the hybrid composites increased. Balaji et al. [10] reinforced Al 6061-alloy with different wt. % of MgO to study the mechanical properties of the composite. Wear resistance, compressive strength and hardness of the matrix alloy are lower than the composites. Dry sliding wear of Al/RHA composites that manufactured using stir casting process was studied by Pydi et al. [12] . The results showed that the friction coefficient and wear rates of aluminum composites various inversely with RHA wt% and the wear resistance of Al/RHA composites is higher than unreinforced aluminum. A356.2 / RHA composites manufactured using stir casting method with different weight fractions of reinforcement by Prasad and Krishna, [13] . Many mechanical properties of the composites were increased with increasing percentage of RHA while the density decreased. This work aimed to study the effects of RHA and MgO additions on the wear rate of the hybrid composites and determine the optimum RHA: MgO weight ratios to get better performance of the composites.
MATERIALS AND METHODS
Materials
A336.0 Aluminum alloy (ASM, 1992) as a matrix alloy used for composites manufacture. Used mini bus pistons that available in the local market used as the source of aluminum alloy. Spectrometer type (ARL 3460, USA) used to analysis the chemical composition of pistons as shown in Table 1 . 
Preparation of Master Aluminum Alloy
Small pieces of the used pistons were cleaned using emery paper No. 240 and then melted using gas fired furnace in alumina crucible. Firstly, the furnace was heated to 750 °C for 30 minutes to ensure complete melting of the alloy. K-type thermocouple was used to measure the temperature of molten alloy. 1wt % of aluminum chloride (AlCl3-6H2O) and 1wt % of sodium chloride were added to degas the molten alloy. Al-alloy castings prepared using a cylindrical carbon steel mold. The master alloy that used as the matrix for composites was taken from these ingots (d = 15 mm, h = 150 mm).
Preparation of RHA
Firstly, the rice husk was washed in a stainless steel container with a tap water several times after it blown manually. Stainless steel trays used to sun dried of the washed rice husk for 24 hrs. The rice husks were burned using a cylindrical steel container (h = 20 cm and d = 75 cm). Kerosene as a fire source used to burn the rice husk for 3 hrs and then left the ash to cool down for 12hrs. The ash sieved to 125 micron after complete burning process. The ash was heat treated at 1100 °C for 2 hrs to remove the carbonaceous materials using electrical furnace with a heating rate of 7˚C/ min and then furnace cool. The ash that burned at 700 °C has black color, while grayish white color of the heat treated ash, as shown in Fig. 1 . 
Al-Alloy/ RHA-MgO Hybrid Composite Preparation
Stir casting process was used to cast 500 gm of composite materials for each time. 445 gm of Al-master alloy, 50 gm of (RHA: MgO) powder with various ratios and 5 gm of magnesium flakes (99% purity, England) as shown in Table 2 . The aluminum alloy was heated to 750°C for 30 minutes to ensure homogeneity of molten alloy using gas fired furnace and to improve the wettability, magnesium was used [13] . The powders preheated to 350°C to remove the moisture and to enhance the stacking with molten alloy [14] . At 675 °C, the magnesium was added to the molten alloy. Two batches of both preheated powders were added to the molten alloy at 630 °C. The temperature of molten alloy was reduced to 590 °C after addition of the first batch and stirred manually for 3 minutes. The mixture of powders and molten alloy heated to about 630-640 °C and then second batch was added and stirred manually for 3-4 minutes. The temperature was increased to 780 °C after completed of the manually mixing process and then stir the mixture for 4-5 minutes using stainless steel mixer at speed 500-600 rpm. At 590 °C, the mixture becomes semi-solid state with high viscosity and that helps to break the gas layer by the abrasive action. At 760 °C, the mixture poured into a preheated cylindrical mold (d = 15 mm, h = 160 mm) of carbon steel to 350 °C. Samples for hardness, microstructure and wear test were fabricated from these ingots after it cooled to room temperature.
Table 2
Al-alloy/ RHA-MgO composite.
Sample number Composition
Al-alloy+10% RHA+0%MgO 3
Al-alloy +7.5% RHA+2.5%MgO 4
Al-alloy + 5%RHA+5% MgO 5
Al-alloy +2.5% RHA+7.5%MgO 6
Al-alloy+ 0%RHA+10%MgO
Hardness Test
According to ASTM E384 standard [15] the samples of the hybrid composites were prepared. The hardness test carried out using micro-vickers hardness machine (Model: HVS-1000, USA manufacture). The samples that used for hardness test had a cylindrical shape with height 10 mm and 12 mm of diameter. 490 gm of the applied load used for 20 seconds to carry out the test and then five hardness readings as average were taken. This average used to calculate the HV according to the following relation [15] :
where P: applied load (kgf) d: arithmetic mean of the two diagonals, d1 and d2 in mm.
Wear Rate and Coefficient of Friction Measurement
Wear test samples prepared according to ASTM G99-95 standard [15] . A pin-on-disc apparatus (Model: ED-201, India) used to measure the wear rate of the hybrid composites and frictional force. At room temperature, the wear tests carried out using 5, 10, 15 and 20 N for 15 minutes. The track diameter of steel disc that used to hardness test was 60 mm with sliding speed 480 rpm and 62HRC hardness. Fixed time period was used to carry out the wear test and then the sample weighed after cleaned with alcohol and dried. According to the following relation, the wear rate calculated using the mass loss method [16] :
where WR: wear rate, (gm/cm). ∆m: mass lost (gm) which is the difference in mass of the specimens before and after every test. t: sliding time, (minutes). r: the radius of the specimen to the center of the disc, (cm). n: disk speed in rpm.
The coefficient of friction was computed from the applied load and the recorded frictional force. The coefficient of friction (µ) can be defined depending on Amonton's law:
where F: frictional force, (N) N: the normal force (force perpendicular to the horizontal surface, which is essentially the weight of the object).
Apparent Density and Porosity Measurements
Archimedes principles (ASTM C373-88) [17] used to calculate the porosity and apparent density. ∓0.1 mg is the accuracy of the digital balance type Sartorius (model: BL 210 S, Germany) that used to weigh the composite samples. Accordance to the following relation, the apparent density calculated experimentally [18] :
where Wa: weight of sample in air, (g) Ww: weight of sample in water, (g) ρa: apparent density of composite, (g/cm³) ρw: density of water, (g/cm³) Porosity must be kept to a minimum to elevate the mechanical properties of the samples. Porosity cannot be fully removed during the casting process, but it can be reduced [19] . According to the following relation, the percentage of porosity evaluated [20] :
where th and exp are the theoretical and experimental density (g/cm³), respectively.
Microstructural Examination
Optical microscope (Model: MT 71000, Japan) with a digital camera (canon, Japan) used to determine the microstructure of the composites. Sample washed with alcohol and dried after it ground and polished and then etched using Keller's reagent (95 ml water, 1.0 ml HF, 1.5 ml HCl, 2.5 ml HNO3) for 15 seconds [21].
X-Ray Florescence and XRD
The amount of oxides and elements in the RHA determined using X-ray florescence type Spectro / Ametek, (model: XEPOS, Germany), while XRD type Shimadzu (model: XRD-6000, Japan) used to determine the phases of the ash. The shape of the sample is cylindrical with 10mm of diameter and 10 mm of height that used for XRD. The type of material tested is determining the angle range of the diffractrometer that has wave length 1.54060 A°. 5°/min is the speed of the scanning process and the testing angle ranged from 10° to 80°.
RESULTS AND DISCUSSION
Rice Husk Ash Characterization
The chemical composition and XRD of RHA that was treated at 1100 °C for 2 hrs are shown in Table 3 and Fig.  2 , respectively. Silica with purity (91%) is the main oxide in RHA, while carbon and other inorganic oxides are available in small amounts. Main silica phases are represented by cristobalite and tridymite in XRD patterns. Firstly, porous and amorphous silica was available, but it changed to crystalline structure after the heat treatment. This result in agreement with investigates of Ramezanianpour et al. [22] . Generally, at a temperature above 500 °C, the rice husk ash changes from purely amorphous to crystalline phase [23] . 
Microstructure of Al-Alloy Composites
A mixture of aluminum and primary silicon in addition to eutectic phase are represented by the microstructure of Al-master alloy as shown in Fig. 3(a) . The grains of Al-alloy-RHA composite had coarsening as shown in Fig. 3(b) due to the coarse nature of the ash. Fig.  3(c) shows the finer dendrite arm and more uniform distributed of the reinforcement particles in the microstructure of Al-alloy-MgO composite that had MgO rich eutectic phase. The finer MgO particles are act in the solidification process as nuclei for the grain formation and these particles agglomerated between the dendrite arms with progress of the solidification. Fig. 3(d) shows the microstructure of Al-alloy-(RHA-MgO) [2:2] composite that had finer dendrites compared with Al-alloy-RHA. During liquid matrix alloy solidification, the reinforcement particles may engulf or ejected near the freezing front, where it migrates away from the freezing front [19] .
(a) Al-master alloy. Al-alloy-[5% RHA-5% MgO] hybrid composite. 
X-Ray Characterization
Hardness of Hybrid Composites
Micro hardness performed under 490 gm load and 20 second duration time. Hardness values changed with changing the type and amount of fillers in samples as shown in Fig. 7 . Addition of the rice husk ash reinforcement increased the hardness by increasing the amount of the hard and brittle phase in the matrix and that lead to increase the dislocation density at the matrixparticles interfaces as reported by [24] . Hardness of the composites increased with increasing the finer powder represented by MgO in the matrix. The increase in hardness was due to prohibiting of Al grain growth during solidification and enhancement the density of the dislocations [25] .
Fig. 7.
Hardness of Al-master alloy, Al-alloy-(RHAMgO) hybrid composites.
Apparent Density and Porosity of AlAlloy-(RHA-MgO)
The measured density of Al-master alloy was 2.632 g/cm³, while the other samples of composites possess different values with changing of filler content as shown in Table 4 . Measured density of the hybrid composites increased with increasing content of MgO percentage in the reinforcement phase (RHA: MgO). At a weight ratio of (1:3) of RHA: MgO, the hybrid composites had higher measured density due to high density value of MgO compared with Al alloy. At 10% MgO, the measured density decreased due to decrease the wettability with molten alloy and increase the agglomeration with increasing of powder amount and that elevated the porosity content. The measured porosity of Almaster alloy is 2.87%, while the other samples had different values with different filler content. The air envelope of the particles and gas entrapment during stir casting and solidification in addition to hydrogen evolution increased the porosity [10] . The higher percentage of nonmetal particles encourage the nucleation of bubbles in the composite and that lead to elevate porosity content as reported by Hashim et al. [19] .
Wear Behavior
The results revealed that with increasing the applied load, the wear rate of the hybrid composites and Al-master alloy increased as shown in Figure 8 . This increment in wear rate can be attributed to generate more heat due to increase in friction between the mating surfaces and that will causes localized welding and then shearing of welded interfaces in addition to increasing the ability of fracture particles (debris) to penetrate the surface. The removal of material from the surfaces is influenced by three-body system between sample and disk surfaces that formed with availability of the fracture particles [26, 27] . Generally, the composites had lower wear rate compared with the master alloy. These results due to increasing the hardness of the composites that came from reinforcement's particles in the matrix and that compatible with the work of Prasad and Krishna [28] . The graphite in the ash (as confirmed by XRD) formed a solid lubricant layer that minimize the wear rate of Al-alloy-RHA compared with Al-alloy-MgO composite and that compatible with the work of Kumar et al. [29] . Al-alloy-(RHA-MgO) [3:1] hybrid composite had minimum wear rate compared with other hybrid composites. This result due to reduce the actual contact area and endure the applied load by the ash particles in addition to the lubricating property of graphite as reported by Sharma et al. [26] . The wear rate of composite is increased with increasing percentage of MgO as shown in Fig. 8(b) . The mean size and number of fracture particles increased with increasing amount of MgO due to increase the percentage of porosity in the composite. At 10% MgO, the wear rate had minimum values for all loads due to increase the hardness of the composites. Al-alloy-(RHAMgO) [1:3] had maximum wear rate compared with other hybrid composites due to higher percentage of porosity, where the adhesive wear and delamination increased with increasing the applied load, while Al-alloy-RHA composite had minimum wear rate.
Coefficient of Friction (COF)
At different loads 5, 10, 15 and 20 N, the coefficient of friction studied with varying percentage of reinforcement particles as shown in Fig. 9 . At beginning, the COF had higher values at low load (5 N) due to interlocking of the surfaces and that required higher frictional force to slide the surfaces. As a result of abrasion and formation of a transfer film, the contact surfaces become smoother at higher load and continuing the wear process [30] . Al-master alloy had higher coefficient of friction than Al-alloy composites at 5 N that can be attributed to absence of tribo layer formation of the master alloy and increasing the contact area between two surfaces [26] . The reinforcement particles restricted the flow of metal during sliding with increasing the applied load and act as load bearing members and that lead to decrease the actual contact area between the disk and sample surfaces. These reasons decreased the COF of the composites as reported by Singh et al. [31] who proved that a temperature of aluminum matrix alloy is higher than aluminum composites irrespective of applied force and the surface conditions.
Plastic flow of materials increases with increasing of the applied load due to softening the materials at the specimen interface with elevated temperature. At all loads, 10%RHA composite possess the lowest COF due to smearing the graphite layer [28] . Generally, the COF of the composites and the master alloy decreased with increasing of the applied load except for Al-alloy-(RHA-MgO) [ 
